In this paper, we developed saccade-induced line displays including flashing period controllers. The displays speeded up the flashing period of one line using LED drivers and Arduino Uno equipped with AVR microcomputers. It was shown that saccades were easily induced when the observer alternately looks at the two fast flashing line displays apart. Also, we were able to find the optimum flashing period using a controller that can speed up the flashing period and change its speed. We found that the relationship between the viewing angle of the observer and the optimum flashing period is almost proportional.
Introduction
Various kinds of line LED display devices using afterimage have been developed. One type is the plural line displays arranged at certain intervals, and another type is the moving flashing line display, called "POV-Persistent Of Vision". Besides, a single-line fixed display using the saccade eyeball movement has been developed [1] , [2] . Power and space saving can be achieved by not only decreasing the number of line display but also fixing the line displays position. However, to control the saccade characteristics, another fixed marker is required and the flashing timing must be controlled. Therefore, we proposed two fixed line displays that alternatively work as a marker and image display to induce the saccade efficiently [3] , [4] . However, these devices have limitations in high-speed control, and it was not possible to achieve high resolution [5] .
In this paper, we developed a saccade type line display which can realize high speed flashing. This line display has a controller which can change its flashing period to various values each time the tact switch is pushed. Experiments using this controller are conducted to find the optimal flashing period for us to see the displayed image most clearly. By using a digital camera, we confirm that the line display is actually flashing according to the flashing periods specified by the program written in the microcomputer. Images for various flashing periods are taken by moving the digital camera to simulate the eyeball movement, at a fixed shutter speed. We estimate the flashing period from the number of images captured. We also measure the voltage applied to one LED using an oscilloscope and confirmed high-speed flashing. In Sect. 2, we describe our proposed line display device with a controller. Section 3 is the discussion on the experiments. The results are described in Sect. 4. Finally, we conclude with Sect. 5.
Saccade Type Line Display

Saccade
The proposed line display uses saccade. Saccades are shortterm high-speed eye movements that occur when the head is stationary in relation to the environment. For example, when our eyes are facing the front, we notice an object we care about within the field of view and turn our eyes towards it. When there is an interesting object such as a point of interest in a peripheral area of the visual field, the eyes have the characteristic of rapidly turning their lines of sight to the point of interest and abruptly stopping after a duration of about 30-50 ms [6] - [10] . Principle of the saccade type line display is shown in Fig. 1 . We can recognize an image by observing a flashing line display while moving eyeballs. It is known that when the eyeball is moved from left to right and from right to left with respect to the light spot sequence in which a series of image segments forming a two-dimensional image are sequentially displayed, the direction of the image also changes.
In general, during the saccades, perception is suppressed by the brain's function called suppression of saccades, which makes it difficult to perceive the visual stimulus and its changes. However, when luminance and color include high frequency components, and background is dark, it is known that it is easy to perceive images around the visual field [6] . 
Developed Line Display
We developed a 32-pixel line display using 32 squareshaped full color LEDs (OSTA71A1D-1), 6 LED drivers (TLC 5940), and 8-bit AVR RISC-based microcontrollers (ATMEGA 328P) and an Arduino Pro Mini for flashing control of LEDs. The block diagram of our developed line display device is shown in Fig. 2 . A circuit diagram of the LED control unit is shown Fig. 3 . The actual prototype produced is shown in Fig. 4 . Since the device produced this time uses 32 full-color LEDs, it is necessary to control each of the 32 RGBs. Six of TLC 5940 which is a 16ch constant current sink LED driver are used, and each drivers is controlled by ATMEGA 328. For this image generator, ATMEGA 328 P of AVR microcomputer is used. The six image generators are operating with a common 16-MHz clock. Each of the microcomputers includes different programs composed of separate image data for red, green and blue and operates simultaneously upon receiving an instruction from the controller.
• 2.2.3 16-ch LED driver This 16-ch LED driver uses TLC5940. One image generator is connected to one driver, and the program of the image generator is executed. This driver is 16-ch, and 6 pieces are used for controlling the 32 full color LEDs.
Operation of Image Generator
We have designed the image generators for the display of a 32 (V) × 32 (H) pixel original image such as shown in Fig. 5 . Using VBA (Visual Basic for Applications), this original image was created by calculating a 256-level value for each of the RGB colors. Since the LED driver used Furthermore commonly used personal computers represent a full color image as 256 levels of RGB in general. So we set the upper limit of 255 for each color this time. As shown in Fig. 6 , the LED driver used counts 4096 times by default and takes at least 1024 µs in one cycle. Since the limit of human gradation recognition is about 10 million colors, we set several parameters again to maximize the clock count to "256" and speed up to 96 µs that means 192 µs for the flashing period, since the duty ratio is 50%.
The image used in this experiment is a 32 × 32 pixel square image. The vertical size of the image is physically determined by 32 LEDs, but its horizontal size observed by the eye depends on the duration of the saccade and can 
Confirmation of Prototype High Speed Line Display
The developed line display device consists of one Arduino Pro mini and six of ATMEGA328P as master-slave controllers, a tact switch as a counter for changing the flushing period, six of LED drivers (TLC5940) and 32-pixel full color LED line display. By a parallel transfer of image data using the six slave controllers, a flashing operation with a doubled speed which corresponds to a flashing period of 0.39 ms has been achieved.
To confirm the high flashing speed, images for flashing periods of 1.56 ms, 0.78 ms and 0.39 ms were taken by a digital camera being moved to simulate the eyeball movement. When the flashing periods of one line are 1.56, 0.78 Fig. 7 . In the flashing period of 12.5 ms, four clear images could be reproduced. It can confirmed that the flashing speed is visually accelerated and a 0.39 ms high speed controller was successfully developed. Figure 8 shows the voltage waveforms of the clock for grayscale PWM control of the LED driver when the flashing period is changed to 1.56, 0.78 and 0.39 ms.
Experiments for Optimizing Flashing Period
We conducted experiments to find the optimum value of the flashing period. The experimental environment is shown in Fig. 9 and Fig. 10 . Each observer sat on a chair so that the position of the eyes coincided with the center of the line display and sat down from the line display at different distances of 900 mm, 1800 mm, 2800 mm and 3200 mm. In this device, the flashing period of the line display can be changed to five patterns of 0.20 ms, 0.39 ms, 0.78 ms, 1.56 ms and 3.12 ms by pressing the tact switch. The observer induced saccades by alternately watching the two displays with the eyeball movement alone, without moving the head from the sitting position. We conducted a subjective evaluation for the difference in length of the flashing period for 10 observers. The observers sitting at each distance from the line display evaluated the image quality with 5 grades of distor- Fig. 11 . Here, the distortion means the difference of the aspect ratio between the perceived image and the original image.
Experiment Results
By using the display controller, the flashing period optimization was experimented. The LED flashing period was changed to 0.20 ms, 0.39 ms, 0.78 ms, 1.56 ms and 3.12 ms by the tact switch and LED display resolution was 16 × 16 and 32 × 32. The result of the optimum flashing period is shown in Fig. 12 . As a result, in the case of the 1800 mm environment, the optimum flashing time for both the 16 × 16 size display and the 32 × 32 size display was 0.78 ms. The period of the image was 12.5 ms for this 16 × 16 size display and 25.0 ms for the 32 × 32 size display. In addition, it was found that the optimum period exists for perception due to the variation of the distance. It became clear that a longer period is selected when the distance is shortened, and faster frequency is selected when the distance is longer. That is, when the observation distance is short (the movement angle of the eyeball is large), the duration time becomes long, and when the observation distance is long (the eyeball movement angle is small), the duration time becomes short. When the period of the image becomes longer than the optimum value in all the patterns, the image is observed in an enlarged manner in the lateral direction, and when shorter, a laterally shrunk image was observed. Experimental results showed that the optimum frequencies of 16 × 16 and 32 × 32 are the same for all distances, so that they are independent on the number of pixels. Also, as can be seen in Fig. 13 , it was found that the optimum flashing period is almost proportional to the viewing angle. From this result, it is possible to obtain the optimum frequency in three observed points.
Conclusions
The high speed display controller for our proposed saccadetype line display was developed, and by using the controller, the optimized flashing period was determined. The lighting time per line could be shortened to 192 µs by using the controller developed in the experiment. We were able to find the optimum flashing period using a controller that can speed up the flashing period and change its speed. When the period of the image became longer than the optimum value, the image was observed to expand horizontally, and when it was shorter, a vertically expanded image was observed. The optimum flashing period was independent of the display size. As the distance increases, the angle of the eyeball movement becomes smaller and the saccade continuation time becomes shorter. Then the optimum flashing period becomes shorter. We found that the relationship between the viewing angle of the observer and the optimum flashing period is almost proportional. Our line display can achieve high resolution saccade-type display with low power and space saving suitable for advertising and amusement application. Low power and space saving line displays help to make environmentally friendly society.
